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013.10.0Abstract By combining the advantages of efﬁcient damping and high mechanical properties, Ni–
Mn–Ga particle composites have a very good prospect for applications in damping structure design.
In this paper, a ferromagnetic shape memory alloy Ni–Mn–Ga composite is prepared. Ni–Mn–Ga
particle/bisphenol-A epoxy composite cantilever beam vibration tests under a magnetic ﬁeld and
without the magnetic ﬁeld are conducted to analyze the structural damping ratios n. Meanwhile,
the damping characteristics of the Ni–Mn–Ga composite are studied through the axial loading–
unloading method and the acoustic emission signals method. The damping coefﬁcient of the
composite for different Ni–Mn–Ga volume fractions is obtained. The interface properties of the
composite are discussed by micro examination and axial loading. The relationships between the
damping of the composite and that of the component materials are discussed. The speciﬁc damping
capacity (SDC) and acoustic emission counts diagram of different specimens with different Ni–Mn–
Ga volume fractions are analyzed.
ª 2013 Production and hosting by Elsevier Ltd. on behalf of CSAA & BUAA.
Open access under CC BY-NC-ND license.1. Introduction
Damping technology has developed into one of the effective
approaches to reduce noise and vibration on ﬂight vehicles
in recent decades. Damping materials and their manufacturing
technology are widely used for vibration control and noise
control on rockets, missiles, satellites, airplanes, navigation
equipment and electronic systems. Shape memory alloys and
ferromagnetic shape memory alloys (FSMA) Ni–Mn–Ga are
promising damping materials for their large recoverable strain,
high response and damping properties.1,2 For instance, they82317507.
(W. Liang).
orial Committee of CJA.
g by Elsevier
ing by Elsevier Ltd. on behalf of C
05are employed on the actuator design for synthetic jet
applications.3 But Ni–Mn–Ga alloys are inherently brittle
and hard to prepare,4 because of which their applications are
conﬁned. Thus, researchers have proposed5 a new FSMA –
composite to improve the properties of Ni–Mn–Ga: a new
kind of particulate composite formed by the combination of
Ni–Mn–Ga particles with epoxy polymers. The Ni–Mn–Ga
particles, epoxy matrix and preparation technology should
be carefully designed and selected in order to obtain the ideal
composite. There are two ways to prepare Ni–Mn–Ga parti-
cles6,7: spark erosion and ball-milling. As for epoxy resin, poly-
urethane, silicon rubber and polyester resin are used as
polymer matrices in related research.4,8,9 In the preparation
technology, the distribution of particles and bubble content
within the composite are vital for the composite’s property.
Researchers adopt either an ultrasonic dispersion method,
centrifugal rotating method or vacuum method to control par-
ticle distribution and bubble content respectively. AcousticSAA & BUAA. Open access under CC BY-NC-ND license.
Damping of Ni–Mn–Ga epoxy resin composites 1597emission (AE) signal is an energy in a material released as a
transient elastic wave when the material deforms or cracks.
The signal is associated with elastic wave production by the
sudden internal stress redistribution, or, to be more speciﬁc,
by stress relaxation in the material. Acoustic emission signal
reﬂects the internal changes in a material, and is tightly and
directly associated with internal friction and internal
damping.10
Tensile-compressive tests were taken by Feuchtwanger
et al.8,9,11 to measure the energy loss rates of pure epoxy resin,
20 vol% iron-loaded composite and 20 vol% Ni–Mn–Ga-
loaded composite. Their studies prove that composites loaded
with Ni–Mn–Ga particles exhibit better energy absorbing abil-
ity and damping ability than composites loaded with iron pow-
ders of the same volume fraction. Their work also reveals the
relationship between composite energy loss rate and Ni–Mn–
Ga phase transition. Lahelin12,13 and his colleagues studied
the interface properties of Ni–Mn–Ga composites. DMA
method was used to test the composite internal friction with
different epoxy matrices. They ﬁnd that the composite damp-
ing property is greatly inﬂuenced by the stiffness of the matrix.
Sun and Xie14 studied the damping properties of composites
with high Ni–Mn–Ga particle volume fractions. They ﬁnd that
material damping increases and fracture strain decreases along
with the increase of the Ni–Mn–Ga particle volume fraction.
Vinogradov10 investigated the relationship between acoustic
emission and internal friction and found that the internal fric-
tion and acoustic emission power change at the same pace as
the rate of increase of the external load. Han et al.15 prepared
a Cu-based shape memory alloy composite reinforced with
macroscopic graphite particulates and studied its damping
behavior and damping mechanism based on a multifunction
internal friction apparatus. Mahendran and his colleagues16
compared the energy absorptions between pure polyurethane,
Fe2(Tb1/3Dy2/3) particles in epoxy and single crystal Ni–Mn–
Ga. Gansa and Carman17 performed magnetic and mechanical
testing on epoxy resin, crystal Ni49.9Mn29.1Ga21.0, planar and
ﬁbular composite, and obtained their hysteresis loops.
The majority of research on the damping properties of Ni–
Mn–Ga epoxy resin composites focus on the microscopic
mechanism of material damping. Few investigators are
researching on their structural damping properties. A compos-
ite functions as a component in practical use, so it is important
to study the damping properties of the composite component,
especially when it is loaded with a magnetic ﬁeld. The relation-
ship of structural damping and material damping properties of
Ni–Mn–Ga epoxy resin composite is discussed in this paper.
Firstly, the relationships between composite structural damp-
ing and Ni–Mn–Ga particle volume fraction are obtained by
free vibration tests of cantilever structures. Secondly, the rela-
tionship between the structural damping under a static mag-
netic ﬁeld and that without a magnetic ﬁeld is investigatedTable 1 Properties of specimens.
No. Specimen Size (length · width · height)/mm3
1 Pure epoxy resin 160 · 18.5 · 2.5
2 20 vol% Ni–Mn–Ga 160 · 18.5 · 2.5
3 30 vol% Ni–Mn–Ga 160 · 18.5 · 2.5
4 40 vol% Ni–Mn–Ga 160 · 18.5 · 2.5by the free-decay vibration method. The material damping
property is also tested by axial loading–unloading experiments.
The acoustic emission technique is also adopted in axial
loading–unloading experiments to analyze the internal change
during the process.
2. Preparation of Ni–Mn–Ga composites
2.1. Preparation of specimens
Ni52Mn27Ga21 ferromagnetic shape memory alloy powders are
prepared. The manufacturing process is: choose as raw materi-
als electrolytic manganese; electrolytic nickel and highly puri-
ﬁed gallium with the concentrations of 99.5%, 99.5% and
99.999%. First, put the elementary substances together in a
vacuum and make them into an alloy through a cold melt pro-
cess (under 900 C), and then the temperature slowly rises to
1450 C for 4–5 min for the alloy to become homogenized.
After the ingot cools down at room temperature, it is mechan-
ically comminuted into pieces with the sizes of
10 mm · 10 mm · 10 mm and 3 mm · 3 mm · 3 mm. After
that, the pieces are made into powders by ball milling and
the powders are screened out with different sizes at set inter-
vals. The average diameter of Ni52Mn27Ga21 powders is
125 lm.
Bisphenol-A epoxy resin (E51) and tetraethylenepentamine
(TEPA) are respectively chosen as the matrix and curing agent
based on other scholars’ studies during the preparation of
composite materials.4,8,9 The E51 and TEPA are mixed to
solidify with the mass ratio of 100:15 at room temperature
for 24 h. In order to restrain the sedimentation of powders
and reduce the content of bubbles, ultrasonic wave is used at
the beginning of curing. Specimens of the same size and differ-
ent powder volume fractions are prepared for the damping
test. The properties of specimens are shown in Table 1.
2.2. Microscopic analysis of specimens
The damping characteristics of a composite material are
greatly inﬂuenced by its Ni–Mn–Ga content and properties
of the boundaries between the powders and the matrix resin.
The prepared specimens need to be inspected to make sure that
there are no defects at the boundaries between the powders
and matrix resin. After curing, the Ni-Mn-Ga specimens are
examined by an optical microscope. Fig. 1 shows the micro-
scope observation position. The crystalline phase can be seen
in Fig. 2(a)–(c).
Figs. 2 and 3 show the crystalline phase under the micro-
scopic scale is 40 lm. The brown part is the matrix and the
golden spots are Ni–Mn–Ga powders. Fig. 2 shows the localFig. 1 Microscope observation position.
(a) 20 vol% Ni-Mn-Ga 
(b) 30 vol% Ni-Mn-Ga 
(c) 40 vol% Ni-Mn-Ga 
Fig. 2 Section 1 of specimen with Ni–Mn–Ga volume fractions
of 20%, 30%, 40% (from left to right, 40 lm).
1598 W. Liang et al.micrograph of the specimen’s frontage. As there are no effects
of external force on Section 1, the powders are distributed
uniformly. Fig. 3 is the entire micrograph of the transversal
surface. Obviously, the powders are homogeneous through
the thickness direction. The boundaries between the matrix
and powders are in good condition and there is no evident de-
fect in Fig. 4. In brief, the micro morphology of specimens is
acceptable.
3. Damping test methods
3.1. The loading–unloading tests
There are a variety of experimental methods available to mea-
sure the damping properties of materials, including logarith-
mic decrement d, speciﬁc damping capacity (SDC), inverse
quality factor Q1, damping ratio n and loss factor g.
The inverse quality factor, Q1, is widely used to character-
ize material damping through Q1 = (f2  f1)/fr, where f1 and
f2 refer to half-power bandwidth frequencies and fr is the res-onant frequency in the spectrum of square amplitude versus
frequency for a specimen under forced vibration.
The simplest experiment to conceive is a simple cantilever
beam excited into its fundamental mode of ﬂexural vibration
by some external force. When the exciting force is removed,
the amplitude of vibration gradually decreases with time as
the vibration energy is dissipated. The logarithmic decrement
d and damping ratio n will then yield as d= 2pg= ln(An/
An+1).
The speciﬁc damping capacity (SDC) is given by18
SDC ¼ DW
W
 100% ¼
I
rde
Z p
2
xt¼0
rde
 
 100% ð1Þ
where r is the stress, DW is the energy dissipated in any one
cycle andW is the maximum energy associated with that cycle.
At the same time, the vibration energy is proportional to the
square of amplitude, so when damping is small
An
Anþ1
< 2 or d ¼ ln An
Anþ1
 
< 0:69
 
, we can obtain:
DW
W
¼A
2
nA2nþ1
A2nþ1
¼ðAnAn1ÞðAnþAn1Þ
A2nþ1
 2ln An
Anþ1
 
¼ 2d ð2Þ
Likewise, when internal friction is small (Q1 < 0.01), all
the parameters are related by Ge19
SDC
2p
¼ g ¼ d
p
¼ Q1 ¼ 2n ð3Þ
In this paper, a WDW-100 universal testing machine man-
ufactured by Chang Chun Kexin is used. The loading and
unloading speeds are set constantly at 1 mm/min. The SDC
is used to measure the material damping in the loading–
unloading tests.
3.2. The acoustic emission tests
Acoustic emission18 (AE) is stress waves when the strain en-
ergy is released rapidly due to the occurrence of micro struc-
tural changes in a material. If enough energy is released,
audible sounds are produced. AE is the only nondestructive
test technique capable of detecting almost all of the damage
types in composites.
In the AE tests, the processing system characterizes the sig-
nals into several parameters. The continuous signal parameters
include the average signal level and RMS voltage; and the
burst signal parameters are wave-click count, ring count,
amplitude, rising time, duration time and time lag. In this pa-
per, the wave-click count is used to characterize the acoustic
emission signal, so the internal changes in the material can
be detected and analyzed.
The electric signals the sensor receives are the stress waves
passing through a transmission media and a coupling media.
As a result, the obtained signal is a result affected by the acous-
tic source, transmission media, coupling media, transducers
and so on, and it can be expressed mathematically as20:
FðtÞ ¼ SðtÞ MðtÞ  CðtÞ  RðtÞ ð4Þ
where S(t) refers to the time-domain function of the acoustic
source; M(t) and C(t) refer to the Impulse response function
(green function) of the transmission media and coupling med-
ia; R(t) refers to the impulse response function (green function)
(a) 20 vol% Ni-Mn-Ga 
(b) 30 vol% Ni-Mn-Ga 
(c) 40 vol% Ni-Mn-Ga 
Fig. 3 Section 2 of specimen with Ni–Mn–Ga volume fractions of 20%, 30%, 40% (from top to bottom, 40 lm).
Damping of Ni–Mn–Ga epoxy resin composites 1599of the transducers. The symbol * refers to convolution. If the
convolution result of M(t) \ C(t) \ R(t) is replaced by G(t),
then the former equation can be converted to
FðtÞ ¼ SðtÞ  GðtÞ ¼
Z s
1
SðsÞGðt sÞds or
FðtÞ ¼ SðtÞ  G1ðtÞ ¼
Z s
1
SðsÞG1ðt sÞds ð5Þ
where s refers to intergral variable. And in the frequency do-
main, it can be converted to
FðxÞ ¼ SðxÞGðxÞ ¼ SðxÞMðxÞCðxÞRðxÞ ð6Þ
From the analysis above, we can conclude that the wave-
form is tightly related with many variables, such as material
properties, ﬁllers and external forces, all of which are closely
associated with material damping. The relationship between
the acoustic source and waveform will be more obvious only
when other variables are controlled.        (a) 40 µm                           
Fig. 4 Microscopic picture of 30In this paper, the acoustic emission signal released in the
loading–unloading process is processed by a damage detection
system of acoustic emission manufactured by PAC. The AE
sensor produced by PAC is also used to collect acoustic emis-
sion signals. The couplant is vaseline and the signal threshold
is 43 dB. Because the acoustic emission signal is irreversible
and unrepeatable, it is thus greatly inﬂuenced by load history.
As a consequence, all the data are collected when the specimen
yields and deforms plastically for the ﬁrst time.3.3. Vibration of Ni–Mn–Ga composite panels
The method of free damped vibration on a cantilever beam is
used in this paper. The material damping property is repre-
sented by structural damping ratio f. When the damping ratio
f< 1, the relationship between vibration displacement and
time is: X(t) = Aenxt sin (xdt+ u), xd and u refer to circular                (b) 10 µm
vol% Ni–Mn–Ga specimen.
Fig. 5 Loading–unloading hysteresis loops of specimens with
different contents of Ni–Mn–Ga powders.
1600 W. Liang et al.frequency and phase angle respectively. The envelope curve of
amplitude is X(t) = Aenxt. Therefore,
ln aðtÞ ¼ lnðAn2x2Þ  nxt ð7Þ
When t= t1, t= t2, the damping ratio based on the accel-
eration and frequency of vibration can be shown as:
n ¼ ln aðt1Þ  ln aðt2Þ
xðt2  t1Þ ð8Þ
As the specimens’ mass densities are variable, the accelera-
tion transducer has great inﬂuence on the damping ratio. We
take this factor into consideration and calculate the damping
ratio based on Rayleigh’s method. The xj shown below repre-
sents the j-order natural frequency of a continuous system:
x2j ¼
1
2
Z l
0
EAu02j dxþ
1
2
ku2j

x¼l
1
2
Z l
0
qAu2j dxþ
1
2
mu2j

x¼l
ð9Þ
where /j represents the j-order mode function. The material’s
structural damping ratio can be calculated from the specimen’s
fundamental frequency. The ﬁrst-order main vibration mode
of the cantilever beam is the same as its gravitational deﬂection
curve. Therefore, /j can be expressed by the deﬂection curve
under the combined action of the uniform gravity of the spec-
imen and the concentrated gravity of the acceleration trans-
ducer. The fundamental frequency can be shown as21:
x2 ¼ g
R l
0
mðxÞyðxÞdxþPiMiyðxiÞR l
0
mðxÞy2ðxÞdxþPiMiy2ðxiÞ ð10Þ
In Eq. (10), y(x) is the deﬂection function andMi is the con-
centrated mass. We assume that the beam’s mass is M
(M=ml) and the acceleration transducer is a concentrated
mass kM on the free boundary. The fundamental frequency
of the beam with the concentrated mass is:
x^2 ¼ EI
ml4
 15k
2 þ 55kþ 6
5:018k2 þ 12:458kþ 13:815 ð11Þ
where kmeans the concentrated mass is k times the mass of the
beam. According to the cantilever beam’s frequency function
based on Rayleigh’s method and Eq. (11), the relationship be-
tween x and x^ is
x ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1:418ð5:018k2 þ 12:458kþ 13:815Þ
15k2 þ 55kþ 6
s
x^ ð12Þ
Substituting Eq. (12) into Eq. (8), the structural damping
can be expressed as:
n ¼ ln aðt1Þ  ln aðt2Þﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1:418ð5:018k2 þ 12:458kþ 13:815Þ
15k2 þ 55kþ 6
s
x^ðt2  t1Þ
ð13Þ
In the experiment, a plate beam is clamped on rigid support
through fastening bolts as a cantilever. The acceleration trans-
ducer is spliced on the free boundary, while the sensing cables
are kept in a free state; thus the cables have little inﬂuence on
the vibration test. A force-hammer is used to apply an initial
vibration on the free boundary and the specimen will take a
damped vibration. The acceleration signals are collected andanalyzed by computers. The sampling frequency of accelera-
tion signals is 2048 Hz, and the sampling time is 0–8 s. Each
specimen is tested 10 times and the average value is obtained
and then the damping ratio f calculated. The test devices used
Fig. 6 Different specimens’ counts of AE signals.
Table 2 SDC of specimens with different contents of Ni–Mn–
Ga powders.
Specimen Area of
hysteresis loop DW
Maximum
energy W
SDC (%)
Pure epoxy resin 0.855 10.13 8.44
20 vol% Ni–Mn–Ga 1.243 8.67 14.34
30 vol% Ni–Mn–Ga 1.168 3.93 29.72
40 vol% Ni–Mn–Ga 0.759 2.089 36.33
Damping of Ni–Mn–Ga epoxy resin composites 1601in this paper are testing system SC305-UTP and data acquisi-
tion and analysis software made by LMS, and the acceleration
transducer with a sensitivity of 92.4 mV/g made by PCB
corporation.
4. Results and discussion
4.1. Static loading–unloading hysteresis loops of different
specimens
Fig. 5 shows the loading–unloading hysteresis loops of speci-
mens with different contents of Ni–Mn–Ga powders. The
loading–unloading rate is 1 mm/min. According to the col-
lected data, the speciﬁc damping capacity (SDC) can be calcu-
lated, which is shown in Table 2. It can be seen from Table 2
that the speciﬁc damping capacity gets higher when the content
of Ni–Mn–Ga powders becomes higher. Obviously, the results
are in good agreement with existing research ﬁndings.5,7–9
Fig. 5 shows the hysteresis loops of the specimens from
loading to yielding. The specimens’ elastic modulus magniﬁes
and the yield strain diminishes while the Ni–Mn–Ga powders’
volume fraction increases. This phenomenon occurs due to the
existence of powders. Ni–Mn–Ga powders strengthen the ma-
trix’s elastic modulus at the linear elastic stage. As the Ni–Mn–
Ga powders’ elastic modulus is greater than that of the epoxy
resin, the interfacial gap between the matrix and powders in-
creases and the specimens’ intensity decreases at the yielding
stage. The higher the Ni–Mn–Ga powders’ volume fraction,
the more the intensity decreases and the lower the yield
strainbecomes.
The phenomenon is also shown in research by Hosoda
et al.5 As the interfacial gap between the matrix and powders
increases, the interaction between gaps is severe and the energy
consumption is higher. The value of SDC reaches the maxi-
mum when the powders’ volume fraction is maximum. There-
fore, the fact that structural damping increases with the
increase of the powders’ volume fraction is proved by the load-
ing–unloading test.
4.2. AE signals under static tensile strength
Different specimens’ AE signals during the tensile test are
shown in Fig. 6. The signal sources are defects in materials.
The counts of AE signals are stable at the linear elastic stage
and the signals are almost the same as background noise.
The counts of AE signals increase to a maximum value at
the yielding stage and get reinstated after unloading. Accord-
ing to Fig. 6, the duration of the linear elastic stage is shorter
when the Ni–Mn–Ga powders’ volume fraction is higher. Thatis to say the time before yielding is shorter when the powders’
volume fraction is higher. The conclusions are in accord with
the results in the loading–unloading test.
In Fig. 6, the yielding time of specimens with Ni–Mn–Ga
powders is shorter than that of pure epoxy resin specimens.
Fig. 7 Free attenuation curves of specimens with different
contents of Ni–Mn–Ga powders.
1602 W. Liang et al.That is because there are different kinds of damage signal
sources in specimens with Ni–Mn–Ga powders. The signal
sources are interfacial gaps between the matrix and powders.
At the yielding stage, the gaps increase rapidly and the signal
sources are stress waves caused by the gaps. As the powders’
volume fraction is higher, the gaps’ interaction is more severe,
the energy dissipation is higher, and the peak values of counts
of AE signals are higher.
Therefore, interphase is the cause of a material’s internal
damping, as proved by the loading–unloading test. This is also
supported by other researchers.22,23 The internal damping’s va-
lue can be speculated qualitatively from the properties of
counts of AE signals. All the above demonstrates that AE is
effective in a damping test of Ni–Mn–Ga epoxy resin compos-
ites. And the acoustic emission counts can be an effective index
to identify the yielding stage and material damping. On the
other hand, the methods of nonlinear time series analysis can
be an effective method to analyze the AE signals.24–26 It can
be quite important in obtaining the damping properties, and
deserves further investigation.
4.3. Comparison between different specimens’ vibration
attenuation rates
According to signals collected by the LMS vibration testing
system, the free attenuation curves of each specimen are shown
in Fig. 7. Obviously, the attenuation rate of vibration acceler-
ation is faster when the Ni–Mn–Ga powders’ content is higher.
For simple harmonic vibration, the maximum vibration energy
and amplitude are larger when the maximum vibration acceler-
ation is higher. Therefore, material damping capacity can also
be inferred from the comparison between different vibration
attenuation rates. We assume that the attenuation time is the
time from maximum acceleration amax to 2% amax. The decay
time is shown in Table 3. Based on Table 3 and Fig. 8, for spec-
imens with the same effective length, the attenuation time is
shorter when Ni–Mn–Ga powders’ volume fraction is higher.
4.4. Comparison between different specimens’ damping ratio
Changing the effective length and substituting the acceleration
data into Eq. (13), we get the damping ratios as shown in Ta-
ble 4. Along with the increase of Ni–Mn–Ga powders’ volume
fraction, the specimens’ structural damping increases, too.
That phenomenon is consistent with the variation trend of
material damping.5,11
Different from the approximately linear variation trend of
attenuation time, the damping ratio of the 30 vol% specimen
is 4.3 times that of the 20 vol% specimen; the damping ratio
of the 40 vol% specimen with is 11.2 times that of the
30 vol% specimen; the damping ratio of 40 vol% specimen is
47.5 times the 20 vol% specimen. The relationship can be seen
intuitively in Fig. 9. As existence demonstration of a material’s
inner damping, dramatic changes take place between speci-
mens with different Ni–Mn–Ga powders’ volume fraction con-
tents. The material damping consists of resin matrix’s
damping, Ni–Mn–Ga powders’ damping and the damping
caused by the interphase between the resin and powders. Com-
pared with the pure epoxy resin specimen, damping of speci-
mens with Ni–Mn–Ga powders is all higher., That is to say,part of the material damping is caused by Ni–Mn–Ga powders
and their interphases with the resin matrix.
All the specimens’ damping increase a little when the effec-
tive length becomes longer. The increment of specimens with
Ni–Mn–Ga powders is signiﬁcantly larger than the pure
specimen. Furthermore, resin matrix’s damping is only a tiny
part of the material damping. Along with the increase of
Fig. 8 Free decay variation attenuation time vs. Ni–Mn–Ga
volume content.
Fig. 9 Free-decay vibration attenuation curves of Ni–Mn–Ga
composite beam.
Fig. 10 Attenuation curves of specimens with different contents
of Ni–Mn–Ga powders under different vibration states.
Table 3 Attenuation time of specimens with different con-
tents of Ni–Mn–Ga powders.
Specimen Eﬀective length (mm) Attenuation time (s)
Pure epoxy resin 120 2.928
20 vol% Ni–Mn–Ga 120 1.5545
30 vol% Ni–Mn–Ga 120 0.7177
40 vol% Ni–Mn–Ga 120 0.36227
Table 4 Damping ratios of specimens with different contents
of Ni–Mn–Ga powders.
Specimen Eﬀective
length (mm)
Damping
ratio n
Variation
of damping
ratio
Pure epoxy resin 120/138 0.00091/0.00104 0.00013
20 vol% Ni–Mn–Ga 120/138 0.00103/0.00169 0.00066
30 vol% Ni–Mn–Ga 120/138 0.00438/0.00557 0.00119
40 vol% Ni–Mn–Ga 120/138 0.0489 /0.0639 0.015
Damping of Ni–Mn–Ga epoxy resin composites 1603Ni–Mn–Ga powders’ volume fraction, the proportion of
damping caused by powders and interphases in material damp-
ing becomes larger.
According to the above tests, as the effective length in-
creases, the damping ratio of each specimen increases. Thehigher the powders’ volume fraction is, the larger the damping
ratio becomes. The deﬂection increases while the effective
length is longer. The matrix’s stiffness is large enough to keep
the powders’ shape invariant, but the relative motion between
the powders and the matrix is inevitable. The increase in rela-
tive motion and interphase interaction cause energy attenua-
tion and damping increment. This is in accordance with the
results of the loading–unloading test.
4.5. Comparison of specimens’ damping ratio under different
vibration conditions
In order to further investigate the damping properties of the
specimens, some comparison experiments are designed and
conducted. The vibration tests on specimens of different Ni–
Mn–Ga powders’ volume fractions are conducted, and the
tests are done under magnetic ﬁeld and with no magnetic ﬁeld
respectively. The free attenuation curves of each specimen are
shown in Fig. 10.
Table 5 Damping ratios of different specimens with and without magnetic ﬁeld.
Specimen Testing state Damping ratio Variation of damping ratio
20 vol% Ni–Mn–Ga Non-magnetic 0.1454 0.1326
Magnetic 0.278
30 vol% Ni–Mn–Ga Non-magnetic 0.131 0.1607
Magnetic 0.2917
40 vol% Ni–Mn–Ga Non-magnetic 0.1808 0.241
Magnetic 0.4218
1604 W. Liang et al.As shown in Fig. 10, the attenuation rate of vibration accel-
eration is greater when the Ni–Mn–Ga-ﬁlled specimen is
loaded with a static magnetic ﬁeld of 402.1 A/m. And the
attenuation rate is higher when the Ni–Mn–Ga volume frac-
tion increases. The interface between Ni–Mn–Ga particles
and epoxy resin matrix will not be affected by the magnetic
ﬁeld; therefore the interface damping remains unchanged. As
a result, the increase of attenuation rate suggests that the
damping of the composite under a magnetic ﬁeld mainly comes
from the Ni–Mn–Ga particles themselves.
Table 5 is a comparison of the damping ratios of different
specimens with and without a magnetic ﬁeld. As the volume
fraction of the Ni–Mn–Ga particles increases, the damping ra-
tio also becomes higher. This fact is consistent with the varia-
tion rules in the time-acceleration ﬁgure. This further proves
that the Ni–Mn–Ga particles are the main damping source
in the free-decay vibration under a magnetic ﬁeld.
5. Conclusions
The damping properties of Ni–Mn–Ga/epoxy composites are
analyzed based on three test methods: the free vibration test
of a cantilever beam, the static loading–unloading test, and sig-
nals collection during the loading–unloading test. The relation-
ship is studied between the damping coefﬁcient and volume
fraction of Ni–Mn–Ga powders under different vibration
states, and so is the effect of damping on the acoustic emission
of Ni–Mn–Ga/epoxy composites. Some conclusions can be
drawn:
(1) For a single cantilever beam, both structural damping
and speciﬁc damping capacity increase when the Ni–
Mn–Ga powders’ volume fraction increases.
(2) The interphase bonding in Ni–Mn–Ga/epoxy composite
specimens is proved to be ﬁne, and composite specimens
exhibit good mechanical properties.
(3) For a single cantilever beam under axial loading–
unloadingd, the acoustic emission counts can be an
effective index to identify the yielding stage and material
damping. The peak values of the counts increase as the
Ni–Mn–Ga powders’ volume fraction increases.
(4) When loaded with a static magnetic ﬁeld, the damping
capability of the specimen is higher in comparison with
the non-magnetic condition. It may be concluded that
the Ni–Mn–Ga particles are the main damping source
in the free-decay vibration under a magnetic ﬁeld.
Epoxy resin is one of the most widely used materials in the
aeronautic and astronautic ﬁeld. This paper lays the basis forfurther research in structural designs of Ni–Mn–Ga/epoxy
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